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Corrosion and Pipe failures

= Global cost of corrosion is 3 trillion dollars

= The problem is more significant for buried assets-like
pipelines
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Hotspot — Localized corrosion

Solil is the electrolyte that facilitates ion movement

Anodes and Cathodes Soil hydraulics + electrochemistry
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The problem of underground corrosion

“Pipelines in different locations corrode at different rates.”

-Why?
Variations in,

soil properties o
soill moisture .

1 aeration Corrosion
SOi —

» Hotspots

external conditions

salts, pH and nutrients —

Empirical methods are limited by a lack of comprehensive data
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Differential aeration

=  Macro corrosion couples could arise
from variations of several soil
properties of which differential
aeration takes a significant role

(Tomashov 1966; Romanoff 1964; Petersen & Melchers 2012)

=  Some occurrences of differential aeration corrosion in buried pipelines

*:;?:(Jgi\ée;?;?o'ved oxygen (DO) High level dissolved oxygen (DO) High level dissolved oxygen (DO)
\ cathodic area cathodic area
- * A | 4 \ A A [ i
- ’ l - Moist clay lump Sandy soil surrounding pipe
natural \ / water level ‘
undisturbed g low level DO
soil * anodic area with pitting
< low level DO .
anodic area with pitting “  low level DO . e . .

anodic area with pitting

From : Petersen & Melchers 2012

= External factors such as driveways and tree roots can also alter the air
movement in soil
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The current state of play

= Current predictive tools do not capture many
phenomenological observations in underground corrosion

J R Rossum (1969)

Rajani et al (2001)

Gardiner and Melchers (2002)

Monash Model (Current work)
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Soil moisture and aeration

= Soil moisture content is influential- But not for the reaction

0, + 2H,0 + 4e~ > 4 (0OH)"
J= —-D,VC
ac } D, =f(S7)
— =1.(D,VC)

at

(Tl. Sr - @0)n+2

ECp = ECy.————— o, + EC,
= Moisture controls the properties of the soil
Two important controls
= Electrical Conductivity
= Oxygen Movement




Corrosion model

= Anodic and cathodic currents are expressed as current densities

. . Z P Begre Joz = —Do2VCop;
lFe= leOFeX1O Fe
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The model at a glance

Soil Physical
properties
4 )
Soil electrical A: Soil moisture Oxygen diffusion
conductivity characteristics in soil
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electrochemistry dynamics

Corrosion <:| Corrosion product
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Experiments to supplement model

= 3D printed
electrochemical cells for
potentiodynamic
polarization tests

= Oxygen diffusion tests
were conducted to
characterize diffusion
properties of solls.

¥4 MONASH
@’ University

Diffusion coefficient-Dp (m2/s)

Tafel plots for sand at different saturations
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Corrosion hotspots due to differential aeration

Corrosion Hotspot emerges due to the effects of differential aeration and
corrosion products dynamics

Covered region

' P

"@;ﬁ‘v’i‘,.

'A’;w k
2 v"

P AAY
SR Gy

A VA
4’»;4!{5‘\(

-

‘V'IA"‘,’,
2
A Sy
i B A
N AR RK
'4!}@}’6 o

Am?
x107?

Corrosion Hotspot

9.4

9.3

9.2

9.1

8.9

8.8

8.7

2 e | : 8.6
y-i-x 2 5 —

The anode-cathode reactions on pipe surface and the differential
consumption of oxygen lead to the development of potential gradients in

the soil electrolyte
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Optimum degree of saturation (Critical moisture)

& Point Graph: Local current density, Iron (A/m?)
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Polarization Experiments
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Summary

Monash Corrosion Model

= COMSOL Model has been
able to, for the first time,

capture differential aeration - ==

In underground corrosion
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» Results show agreement
with past research and
experiments conducted
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= Has the potential for
application building enabling
simple implementation
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